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III. REMARKS 
A* Examiner Interview of September 23, 2003 

Applicants' attorney or agent greatly appreciates the courtesy that was extended by the 
Examiner during the telephonic interview conducted on September 23, 2003* The Examiner 
orally informed the undersigned that Applicants need not submit a written summary in view of 
the Examiner Interview Summary. 

B. Status of the Claims: 

Claims 1-93 are pending. Claims 31-86 are withdrawn from consideration, Claims 1-30, 
87-93 are currently under examination. Claims 20 and 22 have been amended. The claims as 
amended find support in the specification at paragraph 75* 

New claim 94 is added. Support for claim 94 can be found in Figure 1 IB and the 
descriptions in paragraph 52. Accordingly, these amendments contain no new matter, entry 
thereof is respectfully requested. 

Applicants acknowledge the withdrawal of the previous rejection of claims 1-30, 87-93 
under 35 U.S.C. § 1 12 If 2, as well as the rejection of claims 20-21 and 23-27 under 35 U.S.C. § 
1 02(b). The new grounds of rejections raised in the instant Office action are addressed in detail 
below. 

C. 1. Rejection under 35 U.S.C. § 112 % 2 

Claims 20-30 are rejected under 35 U.S.C. 1 12, 1 2, as allegedly being indefinite for 
reciting a single-chain antigen-binding unit as "shown in Figure 18.*' The Examiner asserts that 
Figure 18 does not show a "single-chain antigen-binding unit" according to the definition as 
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understood by the Examiner, The term as understood by the Examiner defines a traditional 

single-chain antigen-binding unit, in which the VH and VL are directly connected by one linker 

polypeptide. Hie Examiner then concludes that Figure 1 8 does not show such a molecule 

meeting this definition. 

As an initial matter, Applicants agree with the Examiner that Figure 1 8 does not depict 

the traditional single-chain antigen-binding unit. However, the fact that Applicants show and 

claim a distinct single-chain antigen-binding unit, which is clearly defined in the specification 

does not render the claimed term indefinite. It is a well-established principle that Applicant may 

be his or her own lexicographer as long as the meaning assigned to the term is not repugnant to 

the term's well known usage. In re Hill, 161 F.2d 367, 73 USPQ 482 (CCPA 1947), MPEP 

21 1 1.01. Paragraph 75 of the specification describes the traditional "single-chain antigen- 

binding unit" consistent with the common usage, and also defines the subject Sc Abus. 

Paragraph 75 recites the following: 

"Single-chain antigen-binding unit" ("Sc Abu") refers to a monoitieric Abu. Although the two 
domains of the Fv fragment are coded for by separate genes, a synthetic linker can be made that 
enables them to be made as a single protein chain (Le. single chain Fv ("scrV) as described in 
Bird et aL (1988) Science 242:423^*26 and Huston et a/. (1988) PNAS ££5879-5883) by 
recombinant methods. Other Sc Abus include antigen-binding molecules stabilized bv the 
subject heterodimerizati ftn sequences (see e.g. Figure 18V.. A preferred single-chain antigen- 
binding unit contains VL and VH regions that are linked together and stabilized by a pair of 
subject heterodimerization sequences. The scFvs can be assembled in any order, for example, 
VH — (first heterodimerization sequence)-(second heterodimerization sequence) — VL or 
V L — {first heterodimerization sequence)-(second heterodimerization sequence) — VH." 

Claims 20-30 as previously presented capture the subject "Sc Abu" and distinguish the 
traditional Sc Abu by requiring that the VL and VH be connected by a first and a second 
heterodimerization polypeptide. All claim elements when viewed as a whole clearly apprise one 
of ordinary skill in the art of the scope, the metes and bounds of the invention. Therefore, the 
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notice function required by 35 U.S.C. 1 12 second paragraph is met and the claimed term is 
definite. 

However, in a sincere effort to place the claims in condition of allowance, the alleged 
indefinite term "Figure 18" is removed from the independent claims 20 and 22. Claims 20 and 
22 have been amended to recite that the structural components be arranged in the configuration 
of VH— (first heterodimerization sequence)-(second heterodimerization sequence) — VL or 
VL — (first heterodimerization sequence)-(second heterodimerization sequence) — VH, These 
amendments address the Examiner's concern and find literal support in the specification detailed 
above. Withdrawal of this rejection and allowance of claims 20, 22, and their dependents 
(claims 2 1 , 23-29) are respectfully requested 

% Rejection Under 35 U.S.C. § 103 

Claims 1-30 and 87-93 are rejected under 35 U.S.C. §103(a) as allegedly being 
unpatentable over Glockshuber, et al> (Biochemistry 29:1362-1367, 1990) and further in view of 
Pack, etal, (Biochemistry 31:1579-1584, 1992) and Arndt, etal, (J. MoL Biol. 295:627-639, 
2000) and Queen, et al, (U.S. Patent 5,693,762, issued 12/97) and Kammerer, et aL, 
(Biochemistry 38:13263-69, 1999), The Examiner also raises Arndt et aL (J. MoL Biol 221- 
228, September 7, 2001) as a "prior art" reference for teaching a helix-stabilized Fv. Applicants 
respectfully traverse. 

At the outset, Applicants wish to clarify that Arndt et al (J. Mol- BioL 221-228, 
September 7, 2001) is not a piece of "prior art" as characterized, perhaps inadvertently, by the 
Examiner. This reference was published after the effective filing date of the instant application. 
Therefore, it is improper to rely on or even consider any of its disclosure to render the claimed 
invention obvious. 
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a. Summary f the invention 

The instant application provides a unique non-single-chain antigen-binding unit ("Abu") 
in which the VL and VH regions form a dimer via the pairwise affinity of two heterodimerization 
polypeptides. Accordingly, the claimed invention encompasses a non-single-chain antigen 
binding unit ("Nsc Abu") that comprises; (a) a light (L) chain variable region fused in-frame to a 
first heterodimerization polypeptide; (b) a heavy (H) chain variable region fused in-frame to a 
second heterodimerization polypeptide; wherein the L chain and the H chain polypeptides 
dimerize viapairwise affinity of the first and second heterodimerization polypeptides. Claim 1 
further requires that at least one of the heterodimerization polypeptides is essentially incapable of 
forming a homodimer under physiological buffer conditions and/or at physiological body 
temperatures. Claim 3 requires that the first and second heterodimerization polypeptides 
comprise polypeptides from heterodimeric receptors that mediate heterodimerization of said 
receptors. In addition, the instant application provides a single-chain antigen-binding unit 
constructed with the subject heterodimerization sequences. 

This novel design solves a well-known problem in the art that the VH and VL regions 
dissociate readily and are therefore unsuited for many applications at physiological body 
temperature. The subject design also overcomes a long-recogni2ed technical obstacle that large 
antigen-binding units, such as whole antibodies (albeit extremely stable), do not express at an 
appreciable level in the host cell. Therefore, the claimed Abus represent a unique type of 
binding units that are not only more stable than conventional Fv fragments, but are also more 
amendable for robust expression as well as functional selection of those molecules highly 
specific for target antigens. 
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b. The cited antigen-binding units are structurally different and functionally 
inferior from those as instantly claimed. 

A close examination of the cited references reveals that the cited antigen-binding units 
differ structurally from the claimed Abus. First, not all of the cited antigen-binding units are 
non-single-chain antigen binding units ("Nsc Abus"). Second, for the few cited Nsc Abus, none 
of them contains a pair of heterodimerization sequences to effect dimerization of the VH and VL 
regions. Finally, these structural and other functional deficiencies are not cured by any 
combinations of the cited molecules. 

The Glockshuber Reference 

Glockshuber et al is cited for teaching the conventional Fv fragments made by three 
traditional methods; all of which do not pertain to the instant invention. Specifically, 
Glockshuber et al describes stabilizing an Fv fragment by (1) chemical cross-linking of the 
variable domains, (2) introduction of an intermolecular disulfide bond, or (3) construction of a 
peptide linker to produce a "single-chain" Fv-fragment. However, Glockshuber et al does not 
teach or even suggest the use of heterodimerization sequences of any kind to stabilize the VL and 
VH regions. Nor does it suggest the particular type of heterodimerization sequences employed 
in the instant invention. 

Moreover, Glockshuber' s Fv fragments suffer from other limitations. As noted in the 
reference, the resultant Fv fragments were expressed at a level much lower than the wild-type 
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fragment vvith two unlinked chains (see Glockshuber's characterization and Table 1 J ). As such, 
Glockshuber' s Fv fragments are not amenable for robust expression and functional selection as 
are demonstrated with the instant Abus, Therefore, the Glockshuber Fv fragments are 
structurally different and functionally inferior than the claimed Nsc Abus. Tliese deficiencies are 
not compensated by the secondary references alone or in combination, 

The Pack Reference: 

Pack et al discloses construction of miniantibodies. To the extent that Pack et al teaches 
the use of amphipathic helices to stabilize two scFv fragments, the Office hastily concluded that 
it would be obvious to derive the claimed invention by dimerizing the VL and VH regions of an 
Fv fragment via pairwise affinity of the subject heterodimerization sequences. Applicants 
respectfully submit that the Office's assertion finds no basis in the Pack reference. 

Pack et al teaches assembly of a dimeric miniantibodies, which is a functional analog of 
a whole immunoglobulin molecule. Like the whole immunoglobulin molecule, the dimeric 
miniantibody has two identical antigen-binding sites, formed by dimerization of two traditional 
single-chain Fv fragments (scFv) via a pair of homodimerization sequences (see Figure 1 at page 
1581) and Table 1 of Pluckthun et al., Immunology 3:53-105 (1997)), 2 As for each of the two 
identical scFv fragments, the VL and VH regions contained therein are covalently linked 
together via a polypeptide linker (see also Figure 1). In this configuration, no pairwise affinity of 



1 Glockshuber et al states at page 1364: "None of the described strategies to improve the association of 
VL and VH resulted in higher yields of native cross-linked Fv-fragnients than that obtained fro the wild- 
type fragment with two unlinked chains (table 1)" 

2 This reference was listed in the previous Office Action and overcome in view of Applicant's Response 
of May 28, 2003. 
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any kind is utilized to stabilize the antigen-binding sites contained within the multivalent 
miniantibody. 

By contrast, the claimed Abus comprise a pair of heterodimerization polypeptides. 
Rather than bringing together two scFv fragments, each of the heterodimerization polypeptide is 
fused in-frame to the VL or the VH region to effect formation of a VL-VH dimer. Pack et al 
fails to teach and suggest this necessary aspect of the claimed subject matter, While Pack et al 
discloses utilizing homodimerization sequences to string two identical binding sites together to 
form a dimeric miniantibody, it does not teach employing two different polypeptides in 
stabilizing VL and VH regions to form an antigen-binding site. Indeed, nothing in Pack et al 
suggests that the VL and VH regions can be stabilized via the pairwise affinity of two 
heterodimerization sequences. Pack et al took an entirely different approach to generate the 
antigen-binding site. As noted above, Pack et al forced the association of the VL and VH 
regions via a short polypeptide linker, Given the entirely different mechanism and physical 
process by which the Abus are prepared, it is not surprising that the cited miniantibodies have a 
different structure from that of the claimed Abus, 

The Queen Reference: 

The Queen reference discloses a method of humanizing immunoglobulins by grafting 
non-human CDRs into a human immunoglobulin framework. Hixs method allows production of 
immunoglobulins of less immuaogenicity in humans while still retaining substantially the 
binding affinity of the corresponding non-human immunoglobulin. The resultant humanized 
immunoglobulin contains a human framework region and one or more CDRs from a non-human 
immunoglobulin (see definition of "humanized immunoglobulin" at column 1 1 lines 65-67 and 
the entire reference). 
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This reference, however, does not describe or even suggest an approach to enable the 
formation of VL and VH dimers, and thus creating an antigen-binding unit. In fact, the Queen 
reference does not even pertain to construction of VL and VH dimers. Rather, it focuses on 
modifying an existing VL and VH dimer having a human framework in order to make the whole 
immunoglobulin less immunogenic in humans. Given the entirely different objectives of the 
Queen reference, it is not surprising that nothing in this reference provides even a hint of the 
claimed subject matter. Hie structu^d differences between a humanized immunoglobulin as 
described in Queen, and the VL and VH regions stabilized via a pair of heterodimerization 
polypeptides are readily obvious to anyone of skill in the art. Thus, the Queen reference also 
fails to teach and suggest a necessary aspect of the claimed subject matter. 

The Aradt Reference: 

Arndt et al is cited for teaching a pair of coiled-coil peptides that allegedly do not form 
homodimers. Applicants respectfully submit that this is an overstatement. 

The Amdt reference describes a method of selecting coiled-coil peptide pairs derived 
from ih&fos and jun leucine zippers. The reference first described construction of two 
recombinant libraries encoding certain invariable residues of the fos and jun sequences while 
randomizing other positions (see "Library design" at page 629). The reference then described 
three selection conditions under which the candidate coiled-coil peptide pairs were isolated. 
Under all three selection criteria, a large number of peptides were found to have the propensity to 
form homodimers (see Figure 2). This is not surprising because the fos and jun leucine zippers 
from which the libraries are derived are known to form homodimers under physiological buffer 
conditions and/or at physiological body temperatures. The predominant coiled-coil peptides, 
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namely WinZip-Al and WinZip-Bl, which axe presumed to have the highest heterospecificity, 

also exhibit homodimerization propensity under these claimed conditions* 

For example, Figure 5 shows the CD-spectra measurement that is indicative of the 

secondary structure and oligomerization state of a heterodimerization sequence. Figure 5(b) 

depicts that under physiological temperatures ranging from, e.g., 25 °C to 37°C, the WinZip-Al 

and WinZip-B 1 peptide alone can form helical structures, and thus homodimers. This is 

consistent with Amdt's observation that the Tm values as shown in Figure 5(b) for WinZip-Al and 

WinZip-Bl are 49 °C and 28 °C, respectively (see last paragraph at page 633). In feet, Amdt 

acknowledged that both WinZip-Al and WinZip-Bl are capable of forming homodimers under 

these conditions. For instance, page 636 states the following: 

"We investigated the stability and specificity of the predominantly selected peptides WinZip- 
Al and WinZip-Bl alone and in equimolar mixture (WinZip-AlBl). .... Peptide WinZip-Al 
(data not shown) as well as the mixture WSnZip-AlBl (Figure 6) were diroeric at 10 °C and 
25 *C over a concentration range form 10 to 150 uM as determined by equilibrium 
sedimentation. WinZio-Bl was partially unfolded as seen both the CD (Figure 5(a)) and 
equilibrium sedimentation (data not shown), which indicated a mixture of monomers and 
dimers. with increasing amount of dimer at increasing temperature. 9 * 

Page 633 further notes: 

"The homodimer WinZin-Bl is relatively unstable, whereas the homodimer Win Zip- Al is 
almost* but not quite, as stable as the heterodimer . This behavior is very similar to Jun/Fos- 
heterodimerization (O'Shea et al f 1989)." 

As is apparent to those skilled in the art, the cited coiled-coil pair bears more or less the 
same drawbacks of/ay and jun heterodimerization sequences, which the instant application 
explicitly distinguishes (see, e.g. paragraph 105 of the specification). Like the fos and jun 
sequences, WinZip-Al and WinZip-Bl preferentially form heterodimers. However, they still 
exhibit significant propensity to form homodimers under physiological buffer conditions and/or 
at physiological body temperature. 
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By contrast, the claimed Abus require that at least one of the heterodimerization 
polypeptides is essentially incapable of forming a homodimer under physiological buffer 
conditions and/or at physiological body temperatures* The heterodimerization sequences 
exemplified in the specification meet this requirement When tested alone even at a temperature 
below the physiological range, neither the exemplary GABAb-R1 and GABAb-R2 sequences 
forms any helical structures. Therefore, they are essentially incapable of forming homodimers 
under physiological body temperatures. No such characteristic is taught or even suggested by 
Arndt 

The Kammerer Reference: 

Finally, the Kammerer reference is cited for teaching the GABAb receptors that exhibit 
the characteristics of the subject heterodimerization sequences, This is a reference disclosed and 
discussed in the instant application (see paragraph 201). As detailed in the specification, 
Kammerer et al. who were involved in the characterization of the coiled-coil sequences did not 
teach or suggest the specific use of this unique heterodimerization sequences for constructing 
antigen-binding units. The studies reported in Kammerer et al were directed to elucidating the 
mechanisms by which the GABAp receptors were assembled. According to Kammerer et al 9 a 
detailed understanding of GAB A B receptor assembly is important in elucidating its physiological 
functions (see Abstract and the Discussion sections). Consequently, there is nothing in 
Kammerer that suggests using the GAB A B heterodimerization sequences to stabilize the VL and 
VH regions. In fact, the Kammerer reference does not even pertain to antibody engineering. 
Only with hindsight knowledge of the present invention could one think of Kammerer et al as a 
source of motivation to come up the claimed Abus. 
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(c) Lack of m tivati n to combine Glockshuber and other sec ndary references. 

In support for the rejection of claims 1-30, 87-93 under 35 US>C, § 103, the Office 
contends that the combined teachings of Glockshuber, Pack, Arndt, Queen and Kammerer would 
render the claimed Nsc Abus obvious, even though each of these references may not specifically 
disclose all elements of the claimed Abus. Applicants respectfully point out that the Examiner's 
assertion is not supported by the cited references. 

First, none of the cited references alone or in combination provides any motivation to 
combine the teachings to derive at an Abu having the structural elements specified in the - 
independent claims 1, 3, 20, and 22. Second, none of the references discloses or even suggests 
the novel Nsc Abu with the claimed superior property as defined in claim 94. 

The only reference cited by the Office that concerns stabilized VL and VH regions is the 
1989 reference by Glockshuber et al As noted above, this reference teaches three VL-VH 
formats, all of which have profound disadvantages. As explained in the specification (see 
paragraphs 6-7), Glockshuber's scFv fragment connected by a peptide linker often has low 
binding affinity because the linker interferes with the binding site. 

In the dsFv format, the incorporated disulfide linkage is unstable under reducing 
conditions in many host cell types. Moreover, this method typically requires 3-dimensional 
structural information of the V regions to ensure that the cysteine pair is inserted in a proper 
place without disruption the binding activity. Because the 3-dimerisional information of a vast 
majority of the existing antibodies is unknown, this approach has little practical utility, and is 
particularly unsuited for antibody library construction. 
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Finally* Glockshuber proposes cross-linking VL and VH regions. Again chemical cross- 
linking is impractical because the process is imprecise and inefficient No useful repertoires of 
antigen-binding units have ever been constructed merely via cross-linking the two regions. 
Therefore, Glockshuber et al teaches, at the most, the problems well recognized in the art. It 
fails to provide any suggestion of a satisfactory solution. 

This deficiency is not compensated by any of the secondary references because they do 
not even pertain to the claimed subject matters. For example, the Pack reference discloses 
construction of miniantibodies in which the VL and VH regions are already connected via a 
peptide linker. The Queen reference discloses a method of humanizing immunoglobulins by 
modifying the existing VL and VH regions. Nothing in Queen suggests dimerizing VL and VH 
region via the pairwise affinity of two heterodimemation sequences. 

The third secondary reference by Arndt et al characterizes two coiled-coil peptides but 
again fails to suggest using such peptide sequences for constructing antigen-binding units with 
the claimed characteristics. In fact, even if one were to try to construct a Nsc Abus with the 
WinZip-Al and WinZip-Bl peptides, one would not be able to derive at the claimed Nsc Abus. 
This is because both WinZip-Al and WinZip-Bl peptides exhibit homodimerization propensities 
at least under physiological temperatures. Indeed, Arndt's Nsc Abu made with the WinZip-Al 
and WinZip-Bl peptides is functionally inferior compared to the subject Nsc Abus. This is 
evident by the post-filing reference by Arndt et al (JL Mol. BioL 221-228, September 7, 2001). 
While Applicants reiterate that Amdt (2001) is not available as a prior art reference against any 
claim of the present application, Applicants wish to make the following observations. The Arndt 
Nsc Abu (named "hsFv") is less stable than the traditional scFv fragment On page 225, Arndt 
(2001) describes that "the somewhat higher stability of the scFv fragment comp ared with the 
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hsFv fragment at the chosen concentration of 80 nM can be explained by the fact that the hsFv 
consists of two separate chains..." Therefore, the Amdt Nsc Abu stabilized by the WinZip-Al 
and WinZip-Bl peptides is not better than the traditional scFv fragment which was proposed by 
the same research group in Glockshuber et ah some 10 years ago. 

In contrast, the instant application has demonstrated that Nsc Abus stabilized by the 
subject heterodimerization polypeptides are more stable than scFv as reflected by their apparent 
binding affinity, which is at least one order of magnitude higher (see, e.g., Figure 1 IB in the 
specification). 

Finally, the Kammerer reference is cited for teaching the GABAb receptor sequences that 
are disclosed in the instant application. Applicants respectfully point out that to reject the claims 
based on Kammerer's disclosure requires an improper hindsight reasoning. Therefore, this 
rejection should be withdrawn. 

In sum, Applicants submit that that the claimed subject matters are not obvious at for the 
following reasons: (i) The cited antigen-binding units are structurally different and functionally 
inferior from those as instantly claimed; (ii) there is no suggestion in the cited art that motivates 
one of ordinary skill in the art to utilize the subject heterodimerization polypeptides to derive the 
claimed antigen-binding units; (iii) additional factual evidence of record further supports the 
nonobviousness of the claimed antigen-binding units. Because all independent claims are not 
obvious, the dependent claims including claim 94 with additional limitations are also 
nonobvious. 

After considering all these facts, Applicants believe that the Examiner will now fully 
appreciate the differences between the present invention and the cited prior art. The 35 U.S.C. 
103(a) rejection of claims 1-30, 87-93 should be withdrawn. 
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in. CONCLUSION 



In view of the foregoing amendments and remarks, Applicants believe that the 
application i$ in condition of allowance. A Notice of Allowance is earnestly requested. If, in the 
opinion of the Examiner, a telephone conference would expedite the prosecution of the instant 
application, the Examiner is encouraged to the undersigned at (650) 463-8172. 

Should any fees under 37 CF.R. §§ 1.16 to 1.21 be required for any reason, the 
Commissioner is authorized to deduct said fees from the deposit account of Howrey Simon 
Arnold & White, LLP, Deposit Account No. 08-3038, referencing Docket No. ' ' 1 f 

13403.004.NPUS00. 



Respectfully submitted, 



Dated: October 21, 2003 




HOWREY SIMON ARNOLD & WHITE 
Box 31 

301 Ravenswood Avenue 
Menlo Park, CA 94025 
(650)463-8100 



Attorneys for Applicants 
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